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Chapter 9
Diversions

Introduction

A diversion is a channel with a supporting ridge
on the lower side constructed across the slope
(fig. 9-1). Diversions are used for one or more of the
following purposes:

1. To divert water away from active gullies or
critically eroding areas.

2. To supplement water management on con-
servation cropping or stripcropping systems.

3. To break up concentrations of water on
long, gentle slopes and on undulating or
warped land surfaces that are generally con-
sidered too flat or irregular for terracing.

4. To divert water away from farmsteads, agri-
cultural waste systems, and other improve-
ments.

5. To collect or direct water for water-spreading
or water-harvesting systems.

6. To increase or decrease the drainage area
above ponds.

7. To protect terrace systems by diverting water
from the top terrace where topography, land
use, or landownership prevents terracing
the land above.

8. To intercept surface and shallow subsurface
flow.

9. To protect flat lands from upland runoff and
overland flow from adjacent areas
(exhibit 9-1),

10. To control runoff and erosion on urban or
developing areas, construction sites, and
surface mine sites.

11. When vegetated, to act as a grass filter for
reducing pollutants in runoff waters.

Requirements for Use

Any high sediment-producing area above a diver-
sion should be controlled by good land use manage-
ment or by structural measures to prevent damag-
ing sediment accumulation in the diversion chan-
nel. Where it is not possible or desirable to estab-
ligsh land treatment measures on the watershed
area above the diversion, the channel size must be
increased to provide for sediment storage or provi-
sions made for prompt and frequent maintenance. A

stable channel must be designed with an adequate
and stable outlet. Water diversion is recognized as
legal according to local, state, and federal laws.

Planning Considerations

A preliminary site investigation is recommended
to determine the feasibility of constructing a diver-
sion. Such a survey includes the study of resource
information such as soil maps, aerial photography,
and contour maps; visual examination of potential
alignment; occasional survey shots with a hand
level or dumpy level; and estimating capacity from
past work experience. A preliminary investigation
should provide enough information to select a final
alignment. If possible, consider more than one loca-
tion and select the most practical, most aesthetic,
and least damaging alternative. Consider outlet
conditions, topography, vegetation, land use, cul-
tural activities, visual quality, soil type, length of
slope, and natural features (fig. 9-2).

Diversions used to intercept shallow subsurface
flows in addition to surface runoff have a location
and depth of cut based on the location of the seep-
age. Exploratory borings usually are required to
determine the location of interceptors-—Refer to the
local drainage guide or local technical guide for
additional information on the use of diversions for
drainage. Subsurface drains may be needed in con.
junction with the diversion. This is especially true
when storage type diversions are used with under-
ground outlets.

If a diversion is to be constructed to protect crop-
land from the runoff from grassland or forest land,
it should be built close to-the boundary between the
two land uses (fig. 9-3). This is especially applicable
where vegetated diversions can be used for hayland,
pasture, or range.

If water is being diverted away from the head of a
gully, it is important that the diversion is located
far enough above the gully overfall so that stable
slopes will exist after bank sloping and expected
sloughing has taken place.

Diversions should be located so that the discharge
empties on established disposal areas, natural out-
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lets, grassed waterways, underground outlets, or
water detention facilities for water conservation.

If diversions are used to protect flat land from
upland runoff, they should be located at or near the
base of the upland slope to divert the water before
it can spread over the flat bottom land and so that
the constructed side slopes blend into existing
slopes or topography (fig. 9-4).

If buried utilities cross the proposed alignment,
contact the utility companies to determine the exact
location of underground services.

Locate the alignment so as not to damage impor-
tant landscape elements, such as unique trees, geo-
logit formations, or scenic features. Be sure the
slope of the diversion doesn’t interfere with adja-
cent land uses. Shallower and broader designs
usually blend in better and are less disruptive.

Be aware of local and State regulations affecting
diversions. If permits are required, the landowner
usually is responsible for obtaining them.

9-2



Figure 9-1.—Typical diversions.
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Figure 9-1.-Typical diversions (continued).

[S¥IR

& AT
;f,y N <

‘




Woodland ot

'I
Farmstead ot

Woodland

Figure 9-2.—Site survey information.
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Figure 9-4.—Diversion at base of upland slope.
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Data Collection

Engineering Surveys

Surveys for diversions normally consist of sample
field notes for diversion design, layout, and -
construction and are shown in Soil Conservation
Service Technical Release Number 62—Engineering
Layout, Notes, Staking, and Calculations, Such
notes are satisfactory if drainage areas are small,
topography is relatively uniform, and elevations
with respect to other structures are not significant.
Standard forms or data sheets approved for field of-

fices may be used to record field notes or diversions.

Hydrologic Investigations

Information on watershed area, design storm fre-
quency and duration, and runoff estimates are im-
portant in determining the capacity of a diversion.

Determine the watershed area at the outlet of the
diversion and at other points where it may be
desirable to change the grade or cross section size,
Obtain the runoff in cubic meters (feet) per second,
at each design point for the frequency and duration
storm selected. Refer to Chapter 2 of the Engineer-
ing Field Manual for procedure.

Soils Investigations

Determine the types of soil textures that will be
encountered along the diversion. Soil textures are
needed to determine retardance for permissible
velocities and channel capacities.

Design of Diversions

General

There are three basic types of diversions: ridge
diversions, channel diversions, and combination
diversions. The ridge diversion (fig. 9-5) is located
at the top of the slope to divert water from flowing
down the slope, This type of diversion is constructed

by placing fill to form a ridge, which creates a chan-

nel. The depth is measured from the bottom of the
channel to the top of the ridge.

The channel diversion (fig. 9-6) is usually located
at the base of a slope. It is constructed by ex-
cavating a channel. The spoil is spread or disposed
of and is not used to form the channel. The depth is
measured from the bottom of the channel to the low
bank.

The combination type diversion (fig. 9-7) is con-
structed by pushing material from the channel to
form a ridge, The depth is measured from the chan-
nel bottom to the top of the ridge.

The following design guidelines should be used to
design permanent diversions.
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Figure 9-5.—Ridge diversion.
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Figure 9-7.—Combination diversion.
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Table 9-1.—Permissible velocities for diversions.

Permissible velocity

Soil texture Bare Channel Vegetation Condition--
channel Retardance* Poor Fair Good
m/e (ft/e) m/e (fVa)
Sand, silt, B 0.61 (2.0 091 (3.0) 1.22 4.0
sandy loam, and 0.45 (1.5) C 0.45 (1.5) 0.76 (2.5) 1.07 3.5)
silty loam D 0.45 (1.5) 0.61 (2.0) 0.91 (3.0)
B 0.91 3.0) 1.22 4.0) 1.52 (56.0)
Silty clay loam and 0.61 (2.0) C 0.76 (2.5) 1.07 3.5) 1.37 5.0)
sandy clay loam D 0.61 (2.0) 0.91 (3.0) 1.22 (4.0)
B 1.07 (3.5) 1.52 (5.0 1.83 (6.0)
Clay 0.76 (2.5) Cc 0.91 (3.0) 1.37 (4.5) 1.68 (5.5)
D 0.76 (2.5) 1.22 4.0) 1.52 (5.0
Coarse gravel 1.52 (5.0) B,C,orD 1.52 (6.0) 1.83 (6.0) 2.13 (7.0)
Cobbles and shale 1.83 (6.0) B,C,orD 1.83 (6.0) 213(7.0) 2.44 (8.0)

*The choice of retardance B, C, or D will depend on the vegetation and maintenance planned for the diversion channel.
Refer to the Handbook for Channel Design, SCS-TP-61, or similar information in the field office technical guide, to select

the vegetal retardance.

Velocities

Diversions should be planned and designed to fit
the conditions of a particular site. The velocities
should be kept as high as will be safe for the planned
type of cover and the expected maintenance. Where
permissible design velocities are not established in
local standards and specifications, table 9-1 may be
used as a guide in selecting design velocities, except
in arid areas. Based on local experience, problem
soils may require other limiting velocities. The per-
missible velocity should be selected on the basis of
the soil horizon into which the channel is excavated
and the planned vegetative treatment. The per-
missible velocity as described for vegetative linings
is based on the vegetation having been established.

The choice of retardance C or D will depend on
the vegetation and maintenance planned for the
diversion channel. D retardance is for a good stand
maintained at a 50- to 150-mm (2- to 6-in) height. C
retardance is for channels with enough vegetation
to cause a considerable resistance to the flow. The
Handbook for Channel Design, SCS-TP-61, or sim-
ilar information in the field office technical guide
should be used in selecting the vegetal retardance,

Channel Cross Section

A typical diversion cross section consists of a
channel and a supporting ridge. The channel may
be parabolic, trapezoidal, or V shaped (fig. 9-8).
Several factors are considered when selecting the
type of channel cross section.

On steep slopes, narrow and deep channels may
be required to reduce earth moving. Broad, shallow
channels on gentle slopes are usually more
desirable. If placed through woodland, narrow chan-
nels would be less damaging to vegetation.

The type of land use will also affect channel
shape. In agricultural areas the channel dimensions
should be adapted to farming equipment. Diversions
which are easy to cross with equipment will be
easier to maintain. Steep back diversions are not
designed to be crossed by equipment and should be
maintained in grass or woody vegetation, Diver-
sions associated with residential developments or
recreation areas should be designed to be safe and
unintrusive.

The type of equipment available for construction
should also be considered. For example, a tractor
with a blade or bulldozer is often used to shape a
parabolic channel and motor patrol graders on
V-type channels.



Parabolic

Croas-sectional area (A) = 2/3 Td

Design top width (T) = ?

Trapezoidal

|
|

Cross-sectional area (A) = bd + zd®
Design top width (T) = b + 2dz

Triangular “V”

d = design depth

Cross-sectional area (A) = zd®

Design top width (T) = 2dz b = design bottom width
z = side slope ratio

Figure 9-8.—Typical diversion crose sections.
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Grades

Grades should be selected to meet velocity, capacity,
and lining requirements for the site. Variable
grades may be needed to obtain more uniform cross
sections and improve alignment. Refer to applicable
local guides and standards for recommended diver-
sion grades and conditions under which they are
applicable.

Capacity

The minimum capacity should be that required to
confine the peak runoff from the design storm plus
required freeboard. The design storm and freeboard
should comply with local standards or the
guidelines in table 9-2.

The design of vegetative linings for capacity and
stability should be in accordance with the principles
given in the Handbook for Channel Design, SCS-
TP-61; by using Manning’s velocity equation given
in Chapter 3 of this manual; or by using other ap-
proved procedures. Designs may be sélected from
the two tables included in this chapter which have
been developed on the basis of SCS-TP-61.

Table 9-2.—Design frequency and freeboard requirement.

Consider the type and growth habits of the vege-
tative lining and the expected quality of the stand
to be obtained. This determines the retardance to be
used for designing for capacity. Exhibit 7-2 in
Chapter 7 can be used as a guide in classifying
vegetal retardance.

Stability

Consider the possible future conditions of the
vegetative lining based on natural succession and
maintenance, In some cases the expected stand of
vegetation is not attained, and frequently the
vegetative stand will deteriorate under normal
maintenance. Therefore, it is necessary to check the
diversion design for stability against erosion. For
example, assume that a diversion is to be built in a
clay soil. The vegetation to be established with
a good stand will produce a B retardance
(exhibit 7-2 in Chapter 7). However, with the diver-
siion located on a pasture or range site that may be
heavily grazed at times, the stand can be expected
to be reduced to “fair” and the retardance to D.
Table 9-1 shows that a clay soil with a vegetal
retardance of B and a good stand has a permissible

Twenty-four-hour ~ Minimum

Diversion design storm - freeboard
type Typical area of protection frequency required
‘years E m(fy)
Temporary  Construction areas (étructures, roads, pipelines, etc.) - o _ .2 None
Building sites 5 None
Permanent  Agricultural: land 10 ‘None
Burface mine reclamation playfields--recreation areas 10 . 0.09 (0.3
Agricultural buildings, agricultural pollution abatement system, etc. .25 0.09 (0.3)
Urban land areas, '
schools, industrial buildings, etc. 50 0.15 (0.5)
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velocity of 1.8 m/s (6.0 ft/s). For soil that has a fair
stand of vegetation that may be closely grazed at
the time of critical runoff, the limiting velocity for
stability is 1.2 m/s (4.0 ft/s) with D retardance.

Channel Lining

On sites where it is impossible to establish
suitable permanent vegetation, or it is desired to
determine the stability of the channel in an as-
constructed condition, the design can be based on
bare ground conditions. Site conditions may war-
rant designing the diversion with a protective lin-
ing such as riprap or concrete cellular blocks. Other
procedures for designing lined channels should be
used in these cases. An acceptable common method
is to use Manning’s equation with an “n” value
appropriate for the lining material.

Steps in Designing a Diversion

Watershed area. Determine the watershed area
at the outlet of the diversion and at such other
points where it may be desirable to change the
grade or the cross section size.

Runoff. Obtain the runoff in cubic meters (feet)
per second at each design point for the frequency
and duration storm selected. Refer to Chapter 2 of
this manual for procedure.

Permissible velocity. Select the permissible
velocity for the conditions anticipated by using the
table or the local guides or standards. For some
soils and land uses, it may be necessary to design
the diversion based on bare channel velocities or as
a lined channel.

Size of channel. After the runoff and the permis-
sible velocity have been determined, the required
size of a vegetated diversion channel can be deter-
mined from exhibits 9-1 to 94, depending on the
shape of channel desired. These exhibits have been
80 designed that the planner has a choice of several
different channel dimensions and gradients that
will carry the same quantity of flow.

The land slope where the diversion is to be con-
structed must be taken into consideration when
choosing a channel cross section. On the steeper
slopes, narrow and deep channels may be required
to reduce earth-moving quantities. Broad, shallow
channels usually are applicable on the more gentle

slopes. The wide, shallow section will be easier to
cross with equipment.

Example Parabolic Diversion Design

Under the subheading “Capacity,” page 9-10,
assumptions of vegetation, soils, and maintenance
were followed through exhibit 7-2 of this manual
and table 9-1, resulting in the finding that—

1. The design of the diversion for capacity
requirements would be based on B retar-
dance; and

2. For the stability requirements, the velocity
in the diversion channel would be based on D
retardance, and it should not exceed
1.2 m/s (4.0 ft/s).

To continue this example, assume the following:
Channel grade = 1.0 percent
Runoff or Q = 1.8 m¥/s (65 ft¥/s)

Turn to exhibit 9-1, sheet 4, “Parabolic Diversion

Design Chart,” for grade = 1.0 percent.

Since the permissible velocity for a D retardance is
1.2 m/s (4.0 ft/s), find V, = 4.0 in the heading of the
chart.

Follow down this column to the horizontal line for
Q = 1.8 (65) and read—

T (top width) =5.5m (18 ft)

d (depth) = 0.64 m (2.1 ft)

V, (for B retardance) = 0.76 m/s (2.5 ft/s)

Such a diversion, then, would have sufficient
capacity to carry 1.8 m*s (65 ft*/s) under retardance
B conditions, and the velocity would not exceed 1.2
m/s (4.0 ft/s) for D retardance.

The dimensions obtained from exhibits 9-1 and 9-2
are for the designed flow conditions. Additional fill
for freeboard and settlement should be added as re-
quired by site conditions and practice standards.

By moving horizontally to the left of the column,
V, = 1.2 (4.0) on the same chart, it will be noted
that there are several diversion designs based on D
retardance that will carry 1.8 m¥s (65 ft%s) at
velocities less than 1.2 m/s (4.0 ft/s.)

Example Trapezoidal Diversion Design

With the rate of runoff determined as prescribed
in Chapter 2, the required size of the diversion can
be found directly by using exhibits 9-3 and 9-4. The
choice of retardance C or D will depend upon the
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vegetation and maintenance planned for the diver-
sion channel. D retardance is for a good stand main-
tained at a height of 50 to 150 mm (2 to 6 in). C
retardance is for channels with enough vegetation
to cause a considerable resistance to the flow. The
Handbook for Channel Design, SCS-TP-61, or
similar information in the field office technical
guide should be used in selecting the vegetal retar-
dance.

To use the exhibits 9-3 and 9-4, determine the
runoff Q as prescribed in Chapter 2. Select a bottom
width to fit the method of construction and a grade
to suit the site conditions. Directly under the bot-
torn width and grade and in line with Q, read the
depth of flow and cross-sectional area of the channel
required. If the dimensions are undesirable, choose
another bottom width or grade.

Given: 2.2 m%s (80 ft*/s) is to be handled by a
diversion on clay soil with a 5-percent field
slope. It is to be constructed with a tractor that
has a blade. The best layout has a channel
grade of 0.3/100. It is to be vegetated with
bermudagrass and be maintained at a height of
50 to 150 mm (2 to 6 in).

Solution: Vegetal retardance D is chosen. The
tractor can construct 4:1 side slopes with a
3.0-m (10-ft) bottom. Enter exhibit 9-3, 4:1 side
slopes, on the 2.2-m?%s (80-ft*/s) line.

Read across to the 3.0-m (10-ft) bottom width and
0.3-grade column. The diversion requires a 0.6-m
(2.0-ft) depth of flow and a 3.3-m? (36-ft?) area. In
this example, if the freeboard desired is 0.15 m
(0.5 ft), the overall ridge height will be 0.76 m
(2.5 ft). Additional fill for settlement should be
added as needed. :

The velocity of flow =~ = 22 (89) = 0.7 m/s
29 ;/:: ocity of flow %— ﬂ(-g%) 8

This is a safe velocity qui clay soils even under
poor cover conditions. (See table 9-1.)
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Layout and Construction

Layout

The layout of the diversion should begin at a key
point, usually the outlet; but it may be a point
determined by a building, property boundary, or a
gully. On smooth, uniform slopes the stakes may be
set 30 m (100 ft) apart; however, on abrupt changes
in topography or on grades less than 1 percent,
stakes are usually set on 15-m (50-ft) stations.

When the diversion outlets onto grassland or a
broad, shallow waterway, allowance must be made
for the depth of channel cut plus gradient in the
last 15 to 30 m (50 to 100 ft) in order to outlet the
water at ground level. On erosive soils, the last 15
to 30 m (50 to 100 ft) is sometimes constructed on
zero grade to reduce erosion at the outlet section.

Adjustment and Marking

After the centerline has been staked, it is well to
check and move some stakes, if necessary, to im-
prove alignment, Ordinarily such adjustments are
limited to about 0.15 m (6 in) of extra cut or fill.
The staked line then may be marked with a plow or
other means to make a continuous reference line.

Construction
Preparation of Site

A good time to build diversions is when the site
has a good cover so that runoff and silting will be
at a minimum. All ditches, or gullies, that are to be
crossed should be filled and compacted before con-
struction begins so as to prevent seepage through
the ridge, prevent more than normal settlement,
and facilitate construction. Any vegetation that
would interfere with constructing a dense fill
should be removed. Heavy sod should be thoroughly
disked to obtain a good bond between the ridge and
natural ground. Topsoil from cross sections should
be salvaged for later use in improving vegetation or
crop production on the completed diversion.

Allowance for Settlement

Settlement should be allowed for at the time of
design. The amount will depend on soils, moisture




'conditions, and type of construction equipment. Five
percent of fill heights is common when scrapers or

rubber-tired tractors are used and 10 percent when
crawler tractors with blades are used.

Methods

Earth-moving equipment should be used to con-
struct diversions. Construction usually should be
done from the upper side of the ridge, using the
staked line as the centerline of the diversion chan-
nel. However, on steep slopes it may be desirable to
construct the diversion from the lower side in order
to construct a steep backslope diversion.

Industrial Tractor With Blade

Industrial track and rubber-tired tractors with
blades on the front are commonly used in the con-
struction of diversions. Track-type tractors can be
used on very rough, stony, or eroded soils. Old dead
furrows and existing ditches can be filled as part of
the diversion construction operations. The bladed
tractors will operate under conditions where other
types of equipment cannot function efficiently. The
roughing-in is accomplished by making three or
more "‘cuts” and “bucks” at right angles to the
ridge, depending on the size of ridge required. After
the roughing-in is completed, two rounds or more
are made lengthwise to give final shape to the
channel and the front and back slopes of the ridge.

Motor Patrol Grader

For diversions where earth is not to be
transported along the channel, a motor patrol
grader does an excellent job. A skilled operator
can cut a channel true to grade with very little
followup required to remove high and low spots -
in the channel.

Scrapers

Scrapers are desirable when it is necessary to
transport earth more than 30 m (100 ft) from cut to
fill areas. Scrapers work well in combination with
either the bulldozer or grader. Front-end loaders in

combination with dump trucks can sometimes be
used in lieu of scrapers.

Other Equipment

Large farm tractors can be used as power units
with attachments like plows, blades, or scrapers.
They also can be used as supplemental units in
combination with industrial tractors, motor patrol
graders, and scrapers.

Checking Construction

The diversion should be checked for com-
pliance with design and layout while the con-
struction equipment is available to make
necessary changes. The finished grade and ridge
height should be checked throughout the length
of the diversion and the cross section of the
channel should be checked at several locations,
including the location least likely to meet the
design.

Establishment of Vegetation

Vegetation for erosion protection should be
established as soon after construction as
weather conditions permit. (Check technical
guide for local planting dates.) Prepare a seedbed
and seed with a mixture of grasses and legumes
adapted to soil conditions and local climate.
Most excavated areas will require fertilizers to
establish good cover. If weather conditions are
not favorable for permanent seeding, it may be
necessary to use a temporary seeding, mulch, or
lining. Irrigation may be needed for adequate ger-
mination and growth initially. When an immediate
turf cover is desired or when establishing turf
from seed is difficult, it may be necessary to use
sod. Sodding by sprigging or broadcasting root
stalks and stolons gives good results with ber-
mudagrass and other grasses in favorable
climates. In other areas, direct planting of sod is
practical. Woody plantings may be appropriate on
channel back slopes to improve screening, wild-
life habitat, space definition, and climate control.
Check technical guides for tree planting dates.
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Outlets

The runoff collected by a diversion must be
conveyed to a point of safe disposal or usage. An
adequate vegetated, riprapped, paved, or under-
ground outlet should be included as part of the
design. (see Chaper 7 for vegetated waterways and
Chapter 8 for underground outlets.) It is important
that vegetated waterways be well established before
diversions are constructed.

9-14

Maintenance

General

The success or failure of a properly designed
and constructed diversion depends on a well-
maintained channel and outlet. The vegetation
in the diversion channel should be fertilized
periodically. In arid areas irrigation may be
needed to ensure adequate plant growth. It is im-
portant that the channel of a diversion used for
intercepting seepage flow be maintained in short
vegetative growth to prevent retardation of flow
and to reduce seepage through the ridge. On
diversions collecting heavy flows of seepage
water, it may be necessary to install a subsurface
drain or a riprapped center to carry the prolonged
flows.

Care of Vegetation

Mowing, spraying, or grazing of vegetated
diversion channels is essential to prevent weeds,
briars, and brushy growth from obstructing flow.
When woody growth gets too large, mowing
becomes difficult and the diversion channel
gradually becomes clogged. Diversions clogged
with tall grass and brush encourage channel
blockage and may cause seepage through the
ridge or overtopping. Failure can result. Woody
vegetation and tall grass may be left on the back
slopes of diversions (fig. 9-9)

Removal of Sediment

The channel may require maintenance to
remove small sediment deposits. However, if the
deposits extend over long reaches or for the full
length of the diversion, the channel should be
reconstructed by using appropriate construction
equipment.

Sediment should be disposed of properly. The
waste can be stacked, spread, or removed from the
site. Waste material can also be designed to be
functional. It can screen undesirable views, buffer
noise and wind, or improve the site’s suitability for
recreation.




Repair of Eroded Areas, Breaks, and
Rodent Holes

Diversions left in permanent vegetation some-
times attract rodents and other burrowing
animals. The ridge should be examined several
times a year; if any eroded areas, breaks, or holes
are observed, they should be repaired. Rodent
control measures should be considered in
maintenance plans.

Reseeding

Cultura] operations should be parallel to the
centerline of the channel when reseeding the
diversion. Plowing should be done by back-
furrowing on the ridge with a dead furrow in the
channel. This method of plowing will maintain
the ridge height required in the original design.
Reseeding can also be done by conservation
tillage methoda.

Paving or Riprap

Displaced or damaged lining materials should
be repaired promptly. This will reduce or prevent
further degradation of the diversion lining.

Outlets

When the diversion outlet is a grassed waterway,
the transition section is the most susceptible to ero-
sion damage. Repairs should be made promptly to
prevent gully erosion from advancing up the diver:
sion channel. If vegetation proves inadequate in the
transition section, it may be necessary to line this
section of channel or construct a grade stabilization
structure.

If the outlet is an underground outlet, it is im-
portant to keep it free from trash that may plug it
and cause a failure. '
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2] 3.120 2.9 25 2.7 22 - 2.3%3’ 2.1:268 |1.9:22 | 2.4:37 | 2.2:32 | 2.2:268 | 1.0:24 | 2.3:39 12.1:34 |1.9:30 11.7:26 | 2.1:38 [1.0:34 |1.8:31] 1.8:27
100 3.1 20 2.0 25 8B 4 H 2.3:30 ] 2.1: 2,041 | 2.4:37 | 2.2:32 [2.0:28 {2.4:41 |2.2:37 [2.1:534 |1.9:30 |2.3:44 [2.1:30 [1.9:34 | 1.7:20
120 3.0 27 3.0 45 2.8 40 s 2.3:30 | 2.8 48 2.3:34 |2.1:%0 2.4:41 | 2.2:37 | 9.0:32. 2.3:44 [2.1:38 | 1.9:i34
140 2.9 49 2.6 30 | 2.4:32 [ 2.9 48 2.7 44 . 2.3:i34 | 2.7 40 S5:44 | 2.9:39 |2.1:34 |2.0 52 | 2.4:40 | 2.2:41] 8.0: 30
180 3.3 45 2.8 40 3.1 51 2.0 48 2.7 44 H 2.8 54 2.7 &0 2.3:39 [ 2.7 54 + i 2.3:44 | 2.1:98
180 2.8 41 3.0 537 2.8 51 2.0 49 |2.4i41 {2.0 57 2.6 52 |2.4i40] 8.2} 41
200 3.9 6C 2.7 64 FPem
22 3.0 63 2.007 3.7 54 H
¥OTE: Por dlversiocns bullt on slopes under 2% the svallable cross- o= depth —_ l'n_c_uf__ !s.\
ssctionsl ares sbove porasl ground will allow a reduction iz of flow
design depth as follows: A 1
P *
por lund slopes of 1% or less reduce depth of [low |taken from Normsl
Design Table) 20%. ground *
Por lend slopes of 14 to 24 reduce depth of flow {taken from ] L_b_4

Design Table} 10¥.

Por land slopes greater than 23 use depth of flow taken from
Deslgn Table. : d = depth of flow, fest

b = bottos widih of channel, feet

A = channel cspacity, sg. fi., including srea below 0.5' fresboard

and excluding any area less than J.3' depth of flow

Por Example: A diversion 8 fest wide with a 2.5 foot depth of flow 2 = slde slope of channel {horizontal to verticall
is required to remove 120 c.f.5,. oD & 0.4% grede. If this ls
built on a 1% slope the depth may be reduced 23% thus obtaining INPORTANT: To all desigmed depths of flow add freeboard required by
s flow degpth of 2.0 feet. The required croas-sectionsl ares of State Standords and Specifications to obtain overall h¢i'*g of terrace
the channel plus that above normal ground line wlll be 34 aguare b bottom of channel. For final check on cross-sectional orea

feet corresponding to the 2.5 foot depth. The overall heljht of ’ . . i y
dlverslon will be 2.0 feet plus 0.3 foot freebosrd or 2.5 feet, subtract required freeboard from settled height of diversion and

instesd of the original 3.3 feet. provide for cross-sectional area shoun in table.

Exhibit 9-3.—Diversion design table—D retardance (V and trapezoidal section).
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B an dbook of Ch 1 Design, SC3-TP-81})
e 4:l Sids Slopes
"D Retardance
Trisagulsr 8' bottom width 8' bottom width 10* bottom width 12' bottom width

Grade 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5
Q-cfs 4 A d A d A d A d A d A d A d A d A d A d 4 d A d A d JA d A d A d A d & d: A d A
10 1.8013] L7i1z | 1,811 (1.5 | 1. 2i19 §1.28117 o0 (0.9 9 ]1.1i24 [2.0i18|0.0i11 |0.8:10 {1.1!14 [1.0]13 |D.9:12 [J.9:11 |1.0:15 10.9:14 |J.0:13 |D.7:12
20 2.1 18] 2,088 [1.8i13]1.7i12 | 1.8i18 |Lei2m | 2,250 b 5. 2311 1. 410 J2.9417 | 1.2i18 |1.1i14 [1.3i20 j1.2(18 J1.0{14 |D.0i12 11.2:20 [1.1}18 1 1.0i168 10.9i14
el 2.4123] 2.2:190 | 2,1:18 | 1.9 :14 | 1.9:24 1.8i20|1.5519 |1.9i18 ) 1.7ies |1.5i21 [1.4i20 |1.2028 j1.5824 Loaj22 |1.2{18 |1.1:6 |1.3:22 [1.2:20 [1.2:20 11.1:18
40 24:23|2.2119 |2 12181 1,928 |1.9:i24 |1.0i20 | 1.5i18 [1.9:27 | 1.7i25 | L.5:21 |1.4:18 |1.8:28 3.5[24 1.9:20 |[L2:18 |1.6i20 ! 1.5:27 [1.3i22 [1.2:20
80 2.8 31| 2.6:27 | 2.5 2.321 12.2:3 |2.0i28 |1.9:268 |1.7i22 |2.0:32 |]1.9:30 |1.7:23 [1.4:23 |1.8:133 1.8[31 1.0:20 11.524 11.7:32 |1.6:29 |1.4:25 |1.3:22
8 3.138 2.9 4 2.7 2 . 5 4337 1 2.2:9312.1:30 11.9:206 | 2.3i40 [ 2.1:34 | 2.0:32 [1.9:27 [2.2i41 2.3J§0 1.8:31 j1.6i26 |2.0i40 | 1.0i37 |1.7i32 [1.8i20
100 3.136 2.9 34 272 2.7 43 o 2.3i35 [ 2.1:30 - 293340 [2.1:i34 [1.9i30 |2 3id4 2.1]39 2.2:368 |1.3i31 |2.2:48 | 2.0 40 |1.9:37 |1.7:32
120 2.3 31 2.9 51 2.7 45 4:3 1 2.2:33 | 2.7 51 |2 2.3:40 [2.1:34 2.3 44 [2.2341 |2.0i38 12,4352 | 2.2:40 {2.0:40 1.8:35
143 3.2 54 2.9 48 2.8 43 . 437 | 2.8 54 2.8 48 2-5&5_2.36 2.8 53 2.4 47 |2.3:44 |2.1:3 |2.8i5 2.3:49 (2.2:48 |2.0:40C
180 3.1957 2.9 531 28 48 2.8 43 3.08 2.8 54 2.6 48 ;2.4:42 |2.8 590 2.8 53 -H 2.344 [2.7 02 ] 2.3i490 |2.1:i43
180 2.53:45 (2.9 83 2.7 58 2.0 53 |2.4:47 |2.8 85 2.6 38 |2.4:52 [2.2:48
200 2.8 2.9 88 2.7 &2 "-H 2. 349

220 3.0 72 2.8 85 2.8 5 H
e 8:1 Side Slopes
-D°_Retardance

friangular 8' bottom width 8* bottom width 10' bottom width 12' bottom widih

Grade 0.8 0.3 0.4 0.8 0.2 0.3 0.4 0.5 .2 " 0.3 0. 4 2.8 0.2 0.3 2.4 0.5 3.2 2.3 0.4 3.5
Q-cfs d ;i d A d i d A d : A d A d: A d A d A d A d ;A d A d A d :A d A d A d A d A 4 1A d A
10 1.8:15]| 1.5:14 [1. 4323 {12.3:11 | 218 |2.21:i34 |1.0{12 |9.9:10 [1.1}168 |[1.0:14 |0.8:13 |0.3:11 |1.12:17 [1.D:i18 |0.9:13. |O.B 12 |1.0:17 [2.9:15 |0.9i14 |Q T:i12
x 1.90i22] 1.8:18 |1.0:15 {1.9:04 | 1.5:23 |1.4:20 | 1.2;18 | 5.1:14 | 1.4:23 [ 1.3:i21 [1.1:16 {1.0:14 | 1.3:2% [1.2:20 j1.1:13 |1.2:18 11.3:25 [1.2:23 |1 O:17 [O.0: 18
k. 2,1:27| 2.0:954 [1.8:19 { 1. 7:17 [1.7:28 |1.5:23 |1.4320|1.2:18 [1.6{28 [1.5:26 | 1.3321 {1.2:16 {1 4:28 |1.3:23 [1.2:2C |1.1:18 |1.4:20 | 1.3:27 |1.1:20 |1.0:1B
40 2.9:32| 2.2:20 [2.0:24 {1.8:10 |1.8i30 |1.7:28 |1.5!23 | 3.4i20 |2.7i31|1.6i20 [1.4i23 {1.3i21 [1.5i20 |1.4i28 1.3§23 1.2:20 [1.5:32 | 1.4i20 ]1.3i27 |1.2:22
-2 . 5 2.3:32 22126 {2.0:24 | 2.0:38 |1.9:33 |2.7:28 | 1.6:25 |1.9:37 | 1,8:34 [1.6:28 |1.5:20 [1.8:38 /1.7:34 | 1L.5:D 1.452.’8 1.0:34 | 1.8:32 | 1.4:20 ]1.3:27
-1 2.7 44l 2.5 2.4%35 2.2:20 |22:42 | 2.1:20 |21.3:33 [1.3!30 | 2.1:43|2.0:40 |1.3:34 (1.7:31 !2.0:44 [1.9:41 |1.7i34 (1.8:3]1 [1.8:41 | L.7:37 [1.6:34 [1.5:32
100 2. 951 2.7 44 6141 2.4:35 . 5 |2.2:42 | 2.1:39 | 2.9:33 |2.2i50 | 2.1:43 [2.0:40 |1.5:34 |2.2i81 [2.0i44 |1.9i41 |1 734 |2.1i81]1.9:45 [1.8i41 (1.8i34
170 3.0 84 2.8 47 2.7 44 -] 2.8 58 9 | 2.3:48 | 2.1:39 , 5 2.3:50 | 2. 2i47 |2.0i40 |2.2i58 [2.2i51 [20i4s [1. 94 |2.2:55 | 2.0i48 [1.3]45 [1.7i37
140 2.7 81 2.6 56 | 2.4 2.3:40 1 2.0 01 | 2.5 2.3:50 | 2.2:47 [2.5:6) |2.3385 [2.2:51 ;2.0 M4 |2.4:04 [ 2.2:{58 [2.1:51 {1.B:43
180 2.6 08 2.8 64 2.8 58| 2.5:8 2.8 87 2.6 81 .3i58 |2.23:50 {2.7 71 |2.5:83 |2.4:50 {2.251 [2.8 70 [2.4i04 |2.2:50 [2.1i51
180 2.9 71 2.7 64 2.6 01 [2.4i54 [2.8 73 2.8 07 |2.5in 2.2is5 (2.7 78 88 |2.4:83 [2.2:55
200 3.0 72 2.8 87 2.801 |[2.4:54 (2.079 2.777 2.8 A7 |2.4 555 2.8 31 2.6 72 |2.5:08 2.3 59
220 2.5i58 ' 2.4i5 (2.9 83 2776 2568 [2.3i%
26 2.5 83 2.4 :84
m § 25jes

Exhibit 9-3.—Diversion design table—D retardance (V and trapezoidel section [continued]).
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® 3:1 Side Slopes

[Bamed on Handbook o Channel Design, SCS-TP-£1) "C*" Retardance
Triangular 8' bottom B' botltom 10* bottom 12' bottiom
Grade] 0.2 0.3 0.4 .8 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.8 0.2 0.3 0.4 0.3
o F dia] a faflaial sia| aial aia] aia] daial aial aia al a ia ] aial aial aia] dial aial aia] aia] aia
20 | 2. 8i10 b 2.5 8 |2.1i23] 1.8i11] 1.9i22) 1.7i10) 1.8i18f 1.4i24] 1,722 } 1.5i10] 1.4i37) 1.0i15 | 1.0]24) 1.4:20] 1.3518] 1,218
20 .53 i19)2.3i18] 2.2/15] z.0i24{ 1.0i21] 1.7i10] 1.5i18] 1.0i26 [ 1.7i22 10] 1.4i17 | 5.7i2e] 1.8i22] 1.4i20] 1.2i18 2.827] 1.4i23 ] 1.3i21]1.2]10
«© 3 2.417] 2.2i20{ 2.0i24] 1.9i22| 1.7i10] 2.0i28 | 1.6ie4| 1.8i21] 1.5i10 | 1.0i00| 1.7ize] 2.5i22 [ 1.4i20] 1.6 5B1] 1.8i27|1.5025 | 1.4i22
so 2.3i19] 2.3i30] 2.1i2e] 2.0i24] 1.0i21] 2.2i32 | 2.0i28 24! 1.6i21 | 2.0i32] 1.8i28] 1.6i2¢ | 1.8i22; 1.0 04| 1.7i20 [1.eiz7 | 1.5i28
0 2.3i30] 2.1i2e] 1.9i22| 2.9i34 [ 2.1{30 28] 1.8i24 [ 2.2i37] 2.0i32] 1.8i28 { 1.6i24] 2.00e| 1.8i31 | 1.7i20 [1.0:27
80 2.8 2.3i30} 2.1i2¢] 2,8 2.3134 20| 1.9i20 2.2:37| 2.0i02 1 1.8i20 2.2 41| 2.0i08 | 1.0i34 | 1.7 20
100 2.5:34] 2.3i30 : .ai34) 2.1i30 2.2i37{2.0i32 2.2i41| 2.0i38 | 1,831
120 2.3:34 2.3i99 | 2.1i34 2.4 2.2:41] 2.0i38
140 2,339 2.3i43 | 2.1i38
180 z.4:41] 2.4 2.2 41
180 2.5 i
200 2.5 a9
220 2.6351
® 4:1 Slde Slopes
"C" Retlsrdance
Trisngular 9' bottom width 8' bottom widih 10* botiom widih 12 bottom width
Grade 0.2 0.3 0.4 0.8 0.2 0.3 0.4 0.5 0.2 0.3 0.4 0.3 0.2 0.3 [ 0.5 0.2 0.3 q.4 0.8
[ 4 Al aia A aial aial ain]| aia|l aia| aiaf aia] a Al a iaf aial o ia} aia]l aial aia| aia
a0 23] 2.3i21 1i18) 2.0iz8] 1.8:24| 1.6:20] 3.8i18| 1.8i27 [1.7:28] 1.8i21] 1.4i19 |2.ef01 1.032e] 1422 ] 1.0 0] 1.7i32] 1.8i20] 1.4i28] 1,220
0 2. 2.4.23] 2.2:19} 2.1:90] 1.9i26] 1.7:22| 1.6:20] 2.0.02 | 1.8i27] 1.ei2a] 1.5%1 |1.0i0a] 1.7i20] 1.5i24 ] 1. e 2| 1.8id8] 1.7i32] 1.8ie7} 1,300
50 2,3 Jaizal 2.ai38) 2.1i30] 1.0i2e| 1.7i22] 2.1i34 | 1.0i30] 1.7i25| 1.ei23 [2.0i38] 1.831] 1.6i20.} 1.5 24 1.0:i37] 1.8i35] 1.ei20] 1.4i25
[ 2.4i37] 2.2i03] 2.0i28] 1.9i28] 2.9:40) 2.1i34] 1.9i30] 1.7iz8 |2.2i38] 1.9i34) 1.7i20] 1.0 026} 2.0i40] 1.9i37] 1.7i32] 1.8i27
__8a 2.4:37] 2.2i33] 2.0ize| 2.8 2.3i40] 2.1i34] 1.9i30 [2.2i44] 2.1i30] 1.0:34| 1,831} 2.2ie8] 2.0i40] 1.8%08] 1.7i32
100 . 2.3:38| 2.2:33 . 2.3i40{ 2.0i32 |2, 2.3i44] 2.1i30| 1.9:34} 2.2i49) 2.1:43] 2.0i40] 1.8ia8
120 2.5i40] 2.4i37 2.4i42] 2.2:37 IR H 2.3i44] 2,139 2.3 2.3:49| 2.2:48] 2.0i40
140 2. 2.3140 2.4i47) 2.2 01 2.3 2.2i48] 2.1{43
160 2.3 44 2.4i52] 2.2i40
180 2.4 47 2.3:48
200 2.4i82
__220 2.3i88

Exhibit 9-4.—Diversion design table—C retardance (V and trapezoidal section).
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S25/56009191L6~08L-466L7331 440 ONTLNING INIWNNIAOD S Nx

& of Ch

® 6:1 Side Slopes

{Based on Handb 1 Deslgn, SCS-TP-61) *C* Retardance

- Triangular 8’ bottom wlidth 8' bottom width 10* bottom width 12' bottom width

Grade 0.2 0.3 C.4 0.3 0.2 C.3 0.4 0.5 0.2 0.3 0.4 0.5 C.2 0.3 0.4 0.8 0.2 0.3 0.4 0.5
Q aia] aia)l aia] aial aial aiaf aia] a ia]l aial aia] aial a ia]ainl aia] aial aiad aia] aial aia] aia
20 2.2:20 ] 2.126] 1.9i22 | 1.0810] 1.8390] 1.7i28] 1.8%e5 | 1.4 20| 1.7i01 [ 1.0i2m [ a.sive] 1,951 [1.0i91] 1.8i20] 1.4i2e] 1.2 20] 1.5i32] 1.4i20) 1.927] 1.2020
30 2.4i38 [2.2120] 2.1i20 | 1022 2.0i38] 1.0i2a] 1.7i26 | 1.5 3] 1.0i8¢{1.7i50 [ 1.8i28) 1.4 23 [1.0i08] 1.7%0a] 1.5i20] 1.3 23] 1.7is7{ 1.ai34]| 1.4 20| s.327

_ac 2.3 2.3:32) 2.2i20 z.o%zg 2.1:30] 2.0i38] 1.8ia0 [ 1.6 5[ 2.0l40] 1.0is7 [ 1.7ia1 ) 1.552e |1.0i42] 1.0i30] 1.6i31] 1.4 2e] 1.8i41] 1.7ia7] 1.5 002 1.2l
%0 2.5:33] 2.3i32 | 2.1:2e] 2.2i42] 2.1i30] 1.0i33] 1.7i2e [ 2.1ie3] 2.0i40} 1.8i34] 1.0i26 | 2.0iea] 1.0i61| 1.7i34]| 1.5 20] 1.0l45] 1.8:61] 1.6 i34 ] 1.4i20
80 2.4i35 | 2.2i20] 2.3i48| 2.2i42] 2.0i38| 1.8 30| 2.2i47] 2,243} 1.8i37 | 1.7591 [ 2.1147] 2.0iae] 1.8i38] 1.6 332 ] 2.0i48] 1.0ies]{ 1.8 41] 1.6i24
80 2.3i32] 2.8 2.3:46] 2.1i30 | 1.033) 2.4iBa] z.2ie7 [ 2.0i40] 1004 {2.ais8] 2.1ie7] 1.0ie1] 1.7 534] 2.2i58] 2.1352] 1.0 4458 1.7ia7
100 2. isal 2.3i40 | 2.1330 | Z.4i54)2.2i47) 2,040 | 2.4i50| 2.3i88] 2.3i47] 1.90241] 2.9i59) 2.2i55) 2.0:e8] 1.68i42
120 2.4i40 2,242 ing | 2.9i50| 2.1043 ] 2.5i03] 2.4i58] 2.2i51] 2.0 44| 2.4i04] 2.3i50) 2.1i52] 1.0ias
140 2.3 48 2.4is4] 2.257 sigal 2.9i88] 2.1 ka7 2.4ie4] 2.258] 2.0i48
180 2.4 48 2.3 80 2.4i88] 2.2 81 2 8isa] 2.3i89] 2.1i82
180 2.4 354 o3 2.3 :ss 2.404] 2.2 ss
200 .9 2.4-:59 3 2.2%55_
220 H

Exhibit 9-4.—Diversion design table—C retardance (V and trapezoidal section [continued]).
yV N y 3 y X



